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“…conserve the scenery and the natural and historic objects 
and wild life therein…as will leave them unimpaired for the 

enjoyment of future generat ons.” (NPS Organic Act, 1916) 

Great Smoky Mountains Nat ona  Park was 
established “for the benefit and 

enjoyment of the people
(Park’s Enabling Legis ation in 1926) 

““…preserve, protect and enhance the air quality 
national parks,…and other areas of special national or 
regional natural, recreational, scenic, or historic value.”  

(Clean Air Act as amended in 1977) 

Air Quality in National Parks: Relevant Mandates 

“…Congress declares as a national goal the prevention of any 
future, and the remedying of any existing, impairment of 

visibility in mandatory class I Federal areas which impairment 
results from manmade air pollution.” 

(Clean Air Act as amended in 1977 & Regional Haze Rule in 1999) 



NPS 

USFWS 

USFS 

GSMNP 

156 Federal Class I Areas Designated under the Clean Air Act (1977) 



Class I Area DesignationClass I Area Designation
�� The Clean Air Act affords greatest degree ofThe Clean Air Act affords greatest degree of 

protection to Class I Areas (National Parks > 6,000protection to Class I Areas (National Parks > 6,000 
acres in size).acres in size). 
�� Requires protection of “air qualityRequires protection of “air quality--related values”.related values”.
�� Park should be one of the cleanest area in the U.S.Park should be one of the cleanest area in the U.S.
�� Federal Land Managers have “affirmative responsibility”Federal Land Managers have “affirmative responsibility” 

to take “active role”, and “err on the side of protection”;to take “active role”, and “err on the side of protection”;
�� Preserve resourcesPreserve resources ““unimpaired”unimpaired” for future generations;for future generations;
�� Park is expected to know the condition of the resources.Park is expected to know the condition of the resources.



Air Pollutants of ConcernAir Pollutants of Concern
• Primary Emissions 

– SO2, NOx, NH3, C, Hg 

• Secondary Pollutants 
– SO4,  O3, NO3, NH4, PM2.5 

• Effects 
– Haze, acid rain, ozone 
– Impacts public health and natural resources 

(e.g. streams, soils, vegetation, visibility) 



VisibilityVisibility
Concerns with Fine Particles and HazeConcerns with Fine Particles and Haze

“Shaconage” 
…Cherokee word for 
“Land of blue smoke 
and mist-like clouds”, 

…not regional haze. 



Typical Regional Haze 
(“View” of Tennessee Valley from the Park) 



#1 reason the 10 
million visitors 

billion in revenues 

Viewing scenery is 

come to the Park 
annually and 
generate over $1 

Unfortunately, vistas are obscured with haze 90% of the time. 



Visibility Monitoring Methods 
• Scene (real-time) 

• Optical (real-time) 

• Particle (filter-based) 

light extinction from 
speciated particle 
concentrations 
(IMPROVE) 

– Cameras 

– Nephelometer - point 
– Transmissometer - path 

– Calculate reconstructed 



11-14 
miles 

in U.S. 
miles 

Visibility on the 20% Haziest Days 

Source: IMPROVE 

1995 - 1999 

Worst  
70-120 
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Glide Path to Natural Condions at GRSM (1988-2064)
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Counties not meeting PM Annual Standard2.5 
(based on 2000-2002 data) 

Source: EPA Apr 2003. 2002 data has not been QA and flagged data has not been excluded 



Ozone Standard (purple and red) 
Counties Violating the 8-Hour 
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Hourly/Daily 
Patterns of O3 and 
PM2.5 are Important 

Typical Daily Pattern of an Unhealthy 
for Sensitive Groups Ozone Day 
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Digital Camera NetworksDigital Camera Networks

1st web cam with AQ 
data (1998) 



Air Quality Webcam NetworkAir Quality Webcam Network Goals 

associated air quality (O3 2, PM ) and 
meteorology on the web; 

media and future analysis for regional haze; 

through public outreach and education. 

• Display near real time images, visual range, and 
, SO 2.5

• Capture high quality images usable for print 

• Increase public awareness of air quality issues 



Air Quality Monitoring Sites at GSMNP 
TN


NC 

Cove Mtn Twin Creeks 

Look Rock 

Cades Cove 

Elkmont 
Purchase Knob 

Noland Divide 
Clingmans Dome Barnett Knob 

TN Bryson City 
NC Waynesville 

0  5  10  15 miles 



and Observation Tower 
Look Rock Air Quality Station 
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RNF, SOL 
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Fine Particles (
) 

/ / / /

(15 min.) i l

Visual Range 
l  (

Meteorology 
(Hourly

WS, WD, AT/RH, 

Ozone (Hourly
ppb 

Hourly) 
TEOM (ug/m3

Parameters Monitored and Displayed on Real-time Air Quality Web Site 
http:/ www2.nature.nps.gov air WebCams/parks/grsmcam grsmcam.htm 

View Scene/dig ta  camera 

(15 min.) 
Optica  Nephelometer Bscat-1mm) 



Operated 35mm Camera from 1980-2000 

9 a.m. 

12 p.m. 

3 p.m. 

(20,000 slide archive) 



GETncm/justsaycust-recrate-itemcommunittg/stores/dtg/stores/d-favorite-listruejust-say-no

DIGITAL CAMERAS


Kodak DC120 
) 

(

(April 1998- May, 2002) 
Olympus C2100 
(May 2002 – October 2003

Olympus C730 
October 2003 - Present) 



Great Smoky Mountains National Park – Look Rock


• Original digital camera system (with supporting air quality) in 1998 
funded by NPS, EPA, and GSMNHA. 

• Camera - camera in tower linked to PC in shelter using 900 feet of 
buried fiber optic line or RS485 signal cable.  A USB fiber driver or 
optically isolated line driver at each end protects the camera and PC from 
electrical surges. 

• Dataloggers - a CR21X datalogger operates in parallel with the NPS 
ESC8816 datalogger and the nephelometer datalogger. 

• PCs - the camera PC controls the camera, interfaces with the 21X and 
ESC8816 to get data, and uploads the image and data to a temporary 
FTP site every 15 minutes via a local dial-up ISP connection. 

• End Products - NPS and the visitor center software get the image and 
data from the FTP site (dial-up or fiber). The visitor center software 
dynamically updates the kiosk screens. 



Look Rock 

and Webcam 
Observation Tower 



Camera 

Purchase Knob Air 

(NPS, NC, NOAA) 
Quality Station 

Digital Camera, ozone, 
meteorology and 
sound  monitoring 



Purchase Knob Webcam 



Look Rock PCLook Rock PC

Purchase Knob LaptopPurchase Knob Laptop

““DigiCamDigiCam” Program” Program 
((developed by Scottdeveloped by Scott CismoskiCismoski w/ARS, Inc.)w/ARS, Inc.)









Links to Map Field of 
View and Significant 
Landscape Features 

“What are we looking at?” 



Daily 3 p.m. Web Archives (2000-2004)          
(On-site archive: ~1 mb/image; 35 gig/yr)      





“How’s the Air Quality Today?” 

Sugarlands 
Visitor Center 
Real-time Air 
quality 
Exhibit 

Nearly 1 million people visit 
the exhibit annually. 



ibit1 of 3 Screens Displayed on the Sugarlands Visitor Center Exh



Current Visibility Conditions from Look Rock 





GSMNP 



O3 Mapping (U.S., State, NPs, and GSMNP Domains) 



PM 3 

PM2.5 

Visual Range = 5 miles 
2.5 = 50 ug/m

Mapping (U.S. & Regional) 



Visual range = 3 miles PM2.5 = 65 ug/m3




Visual range = 15 miles          PM2.5 = 25 ug/m3 
Summer Average 



 PM2.5 = 10 ug/m3Visual range = 77 miles          
Estimated Natural Conditions for 20% Haziest Days 



Visual range = 120 miles         PM2.5 = 5 ug/m3




 PM2.5 = 2 ug/m3Visual range > 200 miles         



Brochures and reports 
available to the Public on 
the real-time webcam page 

Air Quality in National Parks 



Hosting Numerous Field Trips Touring the Sites 



Number of Weekly Accesses 

Great Smoky Mtns NP Real-time Air Quality Website 
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 http://www2.nature.nps.gov/air/WebCams/parks/grsmcam/grsmcam.htm (March 7, 1999 - January 3, 2004) 
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Great Smoky Mountains NP is the 
first park to install and monitor 

natural sound  (on-line 11/18/03 at 
Purchase Knob APHI Learning Center





















Example Uses of AQ Webcam
Example Uses of AQ Webcam
• Relate visual image w/associated ambient AQ 
• Regional Haze planning (20% best & worst days) 
• See weather in the “high country” (temp, cloud level, precip) 
• See air pollution levels (ozone, PM2.5) 
• Trip activity planning (hikes, health, media, roads) 
• Episode selection for atmospheric modeling 
• Time-lapse or time-series 
• Track fall color “peak” 
• Prescribed fire monitoring (spread, plume rise) 
• Military aircraft trip planning (cloud type, height) 
• Boundary layer, inversion (forecasting) 
• School science projects 
• View sunrises, sunsets, moonrises 

“A Picture is Worth a Thousand Words” (or data points)




Questions? 
Comments? 
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